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Aggregation of Oxidation-Mimicking Mutants of Gamma-D Crystallin
Supports a Domain Swapping Model
Eugene Serebryany, Jonathan A. King.
Biology, MIT, Cambridge, MA, USA.
Crystallization, amyloidogenesis, and native-state polymerization of proteins
have been studied extensively, but far less is known about protein aggregation
from folding intermediates. Cataract is a protein misfolding disorder resulting
from formation of light-scattering aggregates of proteins from the crystallin fam-
ily, which account for 90% of all protein in the human eye lens. Amajormodel of
cataract development is the aggregation ofg-crystallins induced by accumulation
of oxidative damage. Oxidative damage can convert hydrophobic core residues to
hydrophilic ones, such as tryptophan to kynurenine. Conversely, a number of hy-
drophilic core substitutions in the gD-crystallin gene cause hereditary early-onset
cataract.We investigated the aggregation of hydrophilic coremutants ofgD-crys-
tallin mimicking effects of oxidative damage. We present evidence that such
mutations lead to structured, non-covalent, non-amyloid aggregation of the
protein, which proceeds under physiological conditions in vitro with little or no
loss of secondary structure. The aggregates are reversible by changes in pH,
but not in temperature. Moreover, a wild-type/mutant mixture can yield dramatic
enhancement in light scattering without aggregation of the wild-type protein
itself. We conclude that such aggregation proceeds from a folding intermediate
or slightly altered conformation accessible under physiological conditions.
Domain swapping mechanisms can account for this aggregation behavior.
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Applications of Two-Dimensional Infrared Spectroscopy to Studies of
Structure and Mechanism in Lens Crystallin Protein Aggregates
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Cataracts are a disease that involves protein aggregation in the lens that blurs
vision and eventually leads to blindness. It is known that denaturation, often re-
sulting from various post-translational modifications, can cause the misfolding
of crystallin proteins, which are found in the insoluble extracts of cataractous
lenses. Although the causes of crystallin misfolding have been identified, its
mechanism is still largely unknown. Using two-dimensional infrared (2D IR)
spectroscopy we have been able to provide insights into the aggregate structures
and misfolding mechanisms that gammaD-Crystallin undergoes when treated
with UV irradiation, heat or acid, with the aid of 13C domain-labeling and native
chemical ligation. 2D IR is sensitive to protein secondary structure and is
capable of revealing coupling between different vibrational modes through
cross-peaks. AlphaB-Crystallin is a structural protein that is known to assemble
into oligomeric molecular chaperones that interact with misfolded or damaged
proteins. Here, we demonstrate that the interaction between alphaB-Crystallin
and misfolded gammaD-Crystallin can be observed using 13C labeling and
2D IR spectroscopy, based on cross-peaks between the proteins’ amide one
bands. Our study provides a new way of monitoring protein-protein interactions
that will be valuable in the further study chaperone interactions with many other
disease-related protein aggregates and their aggregation intermediates.
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Many neurodegenerative diseases are associated with the accumulation of pro-
tein fibrils in the brain. Numerous studies have revealed important features of
these protein-misfolding diseases, both at the structural and biological levels.
However, the cellular mechanisms by which protein fibrils (e.g. tau, amy-
loid-b, etc.) lead to neurotoxicity remain largely unknown.
A high-throughput screen previously performed in our laboratory has identified
a series of small-molecules that lead to a direct activation of the executioner
procaspases in vitro and in various cancer cell lines. We subsequently found
that these activators, including the most potent of them called 1541, self-
assemble and form homogenous structured fibrils in solution in a very similar
manner to protein fibrils that cause neurodegeneration. We speculate that 1541
may constitute a suitable chemical mimetic for extracellular protein fibrils and
may provide insight into their mechanism of neurotoxicity.In order to understand how these fibril-forming small molecules, which we
name here ‘‘chemi-fibrils’’, are able to induce apoptosis in cell culture, we
used shRNA libraries (25 shRNA/gene) to identify genes that would protect
or sensitize cells against chemi-fibrils. By analyzing two replicates of a focused
screen, as well as a genome-wide screen, we obtained a list of robust candidate
genes likely involved in fibril toxicity. Interestingly, several candidate genes
are involved in endocytosis and vesicle trafficking. We have confirmed some
of these targets by creating single-knockdown stable cell lines and by pharma-
cological inhibition. Furthermore, we found that drugs that reduce the uptake of
protein fibrils by cells, (e.g. cyclodextrin, acting by depleting cholesterol at the
cell surface), also protect against cell death induced by chemi-fibrils. We hope
that the molecular mechanisms identified through these studies will lead to a
better understanding of apoptosis in neurodegenerative diseases.
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Ribulose-1,5-bisphosphate carboxylase oxygenase, commonly known as
RuBisCO is an enzyme involved in carbon fixation in photosynthetic organ-
isms. The enzyme is subject to deactivation during its catalytic cycle. RuBisCO
activase (Rca) regenerates active RuBisCO enzyme by facilitating the removal
of the tightly bound inhibitory sugar phosphates from the active sites of Ru-
BisCO. As an expansion to our previous work on the in vitro assembly pathway
of Rca in presence of ADP-Mgþ2, we investigated the self-assembly of the
enzyme in ATP- Mgþ2. For this purpose, we produced a functionally impaired
Rca mutant that lacks ATPase activity. We estimated the average size of the
oligomeric species as a function of Rca concentration using fluorescence cor-
relation spectroscopy (FCS). In line with our earlier observations with wild
type Rca in ADP, the protein assembled in a stepwise manner in ATP in the
0.05-15 mM concentration range. Remarkably, the average oligomeric size
remained relatively unchanged around a value of six subunits per oligomer at
higher concentrations (30-75mM). This is in sharp contrast with our previous
observations in ADP, where we observed a marked decrease in the diffusion
coefficient of the protein consistent with the formation of oligomers containing
tens of protomers. The estimated values of the dissociation constants obtained
from the analysis of the FCS decays were similar for the first steps of the assem-
bly process in both ADP and ATP. However, the formation of the hexamer
from the tetramer is favored in ATP, as evidenced from the lower Kd associated
with this assembly step. This suggests that the formation of a hexameric ring
confers extra stability in the presence of ATP.
Platform: Membrane Physical Chemistry I
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It is widely believed that certain membrane lipids and membrane-anchored
proteins associate to form clusters with emergent function. While extensive
data on phase diagrams are available for a range of lipid compositions, these
are most commonly visualized by the partitioning of dyes between different
phases, and, especially in the case of dye-labeled lipids, the label may substan-
tially alter the physical properties of the components. For this reason we have
been developing secondary ion mass spectrometry (SIMS) to image membrane
components, in particular a NanoSIMS instrument, where components are
differentiated by isotope or atom labels. We are particularly interested in com-
ponents that co-localize with the ganglioside GM1, often considered to be a
‘‘raft’’ marker. Here we exploit the single negative charge on GM1 which
allows it to be selectively moved in an electric field parallel to a patterned,
supported membrane surface and address the question of whether other mem-
brane components, notably cholesterol and sphingomyelin, also reorganize.
Supported lipid bilayers were formed by the fusion of giant unilamellar vesi-
cles (8:16:5:71 sphingomyelin:cholesterol:GM1:DOPC) to oxidized silicon
substrates. Orthogonal isotopic labeling of lipid bilayer components and
mono-fluorination of GM1 allowed generation of molecule-specific images
that map the lateral re-distribution of molecules as a result of an electric field.
